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Abstract. Stroke remains one of the main causes of disability and mortality in the world with complex socioeconomic 

consequences. Stroke is a heterogeneous disease with multiple causes, risk factors, contexts and additives to be 

researched. The residual effects of stroke have a negative impact on the quality of life by limiting physical, social and 

emotional health. Both for people with stroke and for their families and caregivers. Primary stroke prevention should 

expand actions to reduce risk factors that may be modifiable. This study provides an estimate by using the decision tree 

algorithm of stroke risk factors in the context of Primary Health Care in a survey carried out with the population of a 

Health Center located in the South region of Brazil. It aimed to identify predisposing factors to the risk of stroke, and to 

raise awareness about risk factors aimed at prevention. Lifestyle changes and a routine of healthy habits can reduce risk 

factors and the chances of a stroke. Public prevention policies should consider risk factors as a basis for discussing 

effective preventive measures and possible future directions in disease care. To improve primary prevention with 

specific strategies, depression and sleep quality require an in-depth investigation of their mechanisms in the 

development of stroke. Emerging technologies have the potential to collaborate with prevention. 
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1. Introduction 

Stroke is a complex medical and socioeconomic problem [1]. Stroke is a globally common disease that has 

detrimental effects on the individual and, more broadly, on society [2]. Stroke remains one of the main causes of 

disability and mortality in the world, especially in developing countries [3]. It remains the second leading cause of death 

and disability worldwide and more effective risk prevention approaches are needed to reduce the increased burden of 

stroke [4]. 

To improve stroke prevention, risk factors require in-depth investigation [5]. The main established risk factors for 

stroke are smoking, overweight/obesity, diet, dyslipidemia, diabetes mellitus, hypertension, kidney disease, coronary 

heart disease, congestive heart failure, valvular heart disease, atrial fibrillation and vascular disease. Multiple 

cardiovascular risk factors contribute to an increased risk of ischemic or hemorrhagic stroke [4]. 

The prevention of stroke and its associated risk factors has been one of the public health priorities worldwide [6]. 

Primary prevention should focus on reducing known modifiable risk factors. There is evidence that 80% or more of 

strokes are preventable. It is estimated that 45% of cases can be reduced by controlling blood pressure (BP). But there 

are a number of factors in stroke prevention that, if better recognized and controlled, can substantially reduce the risk of 

an episode [7]. 

Health systems are currently facing challenges in providing quality and high-value care to the population due to 

deficiencies in several dimensions in primary care [8]. Methods should be developed to systematically identify and treat 

related risk factors, collectively and individually, in all patients at risk of stroke [9]. From a public health perspective, 

preventive measures to reduce the risk of stroke may bring additional cross-cutting benefits [10]. Public awareness of 

stroke involving knowledge of risk factors is essential for the development of more specific primary prevention 

strategies [11]. 

However, there is a significant gap in knowledge about the effectiveness of various types of stroke prevention 

strategies in developing countries [10]. In this context, this work provides an estimation of risk factors for stroke 

(ischemic and hemorrhagic) using the Decision Tree algorithm, based on a Multivariate Logistic Regression (MLR) 

model. Its main objective is to identify predisposing factors to the risk of stroke and also as secondary objectives to 

raise awareness about predisposing factors and contribute to reflection on disease prevention. 

2. Materials and Methods 

The research was developed in Primary Health Care in the city of Florianópolis, Santa Catarina State, located in the 

south of Brazil. Florianópolis has an estimated population of 574,200 people and the highest Human Development 

Index (HDI-M) among Brazilian capitals (0.847). The municipal health network has 51 Health Centers (HC), 

distributed in 4 health districts. The CS Coqueiros, belongs to the Continente Health District, is divided into 03 

coverage areas, with 03 family health teams and a population of 17679 users registered in the electronic health record 

used by the city. 

Data collection took place at CS Coqueiros, between January 2017 and April 2018, with users aged between 35 and 

74 years old who were in the waiting room of the basic health unit, in health promotion groups existing in the unit and  
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in offices with a total sample of 132 patients. C.S Coqueiros users were invited to voluntarily answer a pre-elaborated 

instrument with questions related to stroke risk factors. A spreadsheet was created based on the questionnaire according 

to table 1 below. 

Table 1. Collected stroke risk factors 

Demographics 

Age 

Gender 

Ethnicity 

Cholesterol High lipid profile 

Arterial hypertension Medical diagnostic 

Arterial hypertension Use of antihypertensive medication 

Blood pressure checked at consultation Systolic blood pressure (mmgHg) 

Blood pressure checked at consultation Diastolic blood pressure (mmgHg) 

Smoking 
Past 

Current 

Family history 
Cardiovascular diseases 

Arterial hypertension 

Diabetes Medical diagnosis 

Atrial fibrillation Medical diagnostic 

BMI (body mass index) 
Body mass index calculated between weight and 

height 

Contraceptives Use of contraceptive medications  

Moderate physical activity practice Reported practice 

Alcoholism Reported practice 

Eating habits Good diet reported 

Migraine Medical diagnostic 

Depression Medical diagnostic 

Dementia / Cognitive Deficit Medical diagnostic  

Use of illicit drugs Reported practice 

Non-replenishing sleep Reported sleep quality 

The collected data were stored in the Microsoft Excel program and later analyzed. Statistical analysis was performed 

using the Action Stat Version 3.5.152.341 program. This cohort study was approved by the Research Ethics Committee 

of the Federal University of Santa Catarina (UFSC), based on Resolution 466/12, that determines the Guidelines and 

Regulatory Norms for Research involving Human Beings, according to opinion nº 2,537,066. 

The proposed model is a development of work carried out by Coutinho and Rodrigues, 2020 [12]. Where RLM was 

performed to select the main factors of the sample collected using the Forward method. In the Forward method, the first 

selected variable is the one with the highest correlation with the response. The explanatory variable that presents the 

highest partial correlation coefficient will be included in the model if its contribution is statistically significant. The 

procedure continues for the other variables until either all variables are included in the model or a variable is rejected in 

the test of significance [13]. The risk factors selected by the RLM Forward method are shown in table 2. 

Table 2. Stroke risk factors selected by MRL 

Stroke risk factors Description 

Age Age on assessment day 

Gender Gender: female, male 

Ethnicity Specific classification of collectives of individuals 

Blood pressure Systolic and diastolic blood pressure on the day of the 
consultation 

Diabetes  Medical diagnostic  

Body mass index (BMI) Overweight and obesity assessed 

Smoking Smoking history 

Stress Self-reported stress 

Contraceptive Use of contraceptive medications 

Thus, the stroke risk factors mentioned above were investigated by an analysis according to the Decision Tree 

technique using public domain software (R environment or simply R as usually called by its users) with open source 

code [14]. 

3. Results and Discussion 

“Decision Trees” is one of the most popular data mining techniques. More commonly used to solve the task of data 

classification, the decision tree represents a model capable of guiding decision-making on determining the class to 
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which an instance belongs and organizing a hierarchical model [15]. The training model took into account all the 

variables presented in the described data collection, while the test model, only the final variables selected by the RLM 

Forward method. According to the analysis of decision trees for the risk of stroke, the results are presented below 

according to figure 1, that brings a classification model in the form of a decision tree, for the risk of stroke according to 

the proposal. 

 
Figure 1. Performance of Decision Trees for Stroke Risk 

The internal nodes of the tree refer to stroke risk classification attributes of the analyzed predisposing factors that 

were described. The construction of this model is carried out using an algorithm that interactively analyzes the 

descriptive attributes of a previously labeled data set, constituting a learning process for the classifier model. The 

decision tree is a model to be interpreted as IF THEN rules. Each of the rules derived from the trees is, in reality, a 

series of conditions verified on the internal nodes that make up the internal nodes of the tree (assumptions) that lead to 

decision making and represented in the leaf nodes of the tree (conclusions). Each path traversed deep in the decision 

tree generates an IF THEN rule; or alternatively, IF THEN ELSE rules can be designed for each subtree of the root 

node [15]. 

At this point, it is possible to see how the Decision Tree is applied as a classification model. Upon receipt of a test 

specimen, the decision tree must be traversed from the root to one of its leaves. At each internal node, the associated 

descriptive attribute must be verified in the test instance, and, depending on the value of such attribute, a node subtree 

will be chosen. Then, the process is repeated until the leaf node, with the label assigned to the test specimen, is reached 

[14]. According to the technique used, the stroke risk factors that were most relevant in the proposed model are listed 

and represented in table 3. 

Table 3. Stroke risk factors selected by the decision tree technique 

Stroke risk factors Description 

Age Age on assessment day 

Ethnicity Specific classification of collectives of individuals 

Blood pressure Systolic and diastolic blood pressure on the day of the consultation 

Diabetes Medical diagnostic  

Smoking Smoking history 

Depression Medical diagnostic 

Non-replenishing sleep Reported sleep quality 

Stroke prevention must include strategies for the entire population and for each individual, with priority on 

strategies for collective health. They must be directed to an integrated and unifying approach in order to optimize the 

efficiency of health systems in the preventive area [16]. Among the variables analyzed, the age factor, blood pressure 

measured at the time of consultation, diabetes, smoking, depression and non-restorative sleep in the proposed final 

model stood out. The elaboration of health policies with proposals for comprehensive primary prevention strategies 

should offer appropriate attention to predisposing factors to stroke and expand actions to reduce modifiable risk factors 

[17]. 

The Decision Tree analysis selected the factors depression and non-replenishing sleep and in the final classification 

model for stroke risk, which draw our attention. It did not include the risk factors of gender, ethnicity, BMI, stress and 

contraceptive use that were selected in the RLM method. Knowledge of stroke risk profiles can be useful to support 

different prevention strategies including identification and resolution of medical conditions. Particularly those with 

interactions that increase stroke risk thresholds [18]. Therefore, it is essential that healthcare professionals and 

policymakers understand the relevance of stroke risk factors to develop appropriate prevention strategies as well as 

rational allocation of healthcare resources according to the epidemiological profile of the population [19]. 
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Stroke is a disease associated with aging and this non-modifiable risk factor increases the incidence of 

cerebrovascular events with age. The risk of having a stroke event doubles every decade after age 55 [3]. Elderly people 

may have a high burden of neurological disorders, in particular stroke and neurodegenerative diseases. In addition, the 

elderly are at greater risk of having comorbidities of two or more neurological diseases [16]. This represents a challenge 

with the aging of the population and the tendency towards a sedentary lifestyle [20]. 

Cellular aging is the most severe risk factor for neurodegenerative disease. Simultaneously, oxidative stress (OS) is 

a critical factor in the aging process, resulting from an imbalance between reactive oxygen and nitrogen species and the 

antioxidant defense system. Emerging evidence indicates that OS is a common cause of several age-related brain 

pathologies, including cerebrovascular diseases. Elevated OS disrupts endothelial functional ability by diminishing the 

bioavailability of nitric oxide (a vascular dilator), induces atherosclerosis, and impairs vasculature, which are all 

common characteristics of cerebrovascular disease [21]. As a major cause of morbidity and mortality globally, 

hypertension remains a serious threat to global public health. Regulation of the renin-angiotensin-aldosterone system 

(RAAS) controlling blood pressure, activation of the immune system triggering inflammation and production of 

reactive oxygen species, leading to oxidative stress and redox-sensitive signaling, have been implicated in the 

pathogenesis of hypertension. Thus, besides standard antihypertensive medications, which lower arterial pressure, 

antioxidant medications were tested to improve antihypertensive treatment. We review and discuss the role of oxidative 

stress in the pathophysiology of hypertension and the potential use of antioxidants in the management of hypertension 

and its associated organ damage [22]. 

Most strokes (60-70%) in all countries of the world are associated with high systolic blood pressure levels [23]. A 

genetic predisposition to higher BP has been associated with an increased risk of any ischemic stroke and its major 

subtypes [3]. Hypertension and its consequences are associated with more than 50% of ischemic and 70% of 

hemorrhagic strokes, but despite good blood pressure control, a 10% risk of recurrent cerebrovascular events remains. It 

is the most important risk factor for stroke; therefore, optimal blood pressure control is essential for stroke prevention. 

Hypertension is the most important risk factor for stroke; therefore, optimal blood pressure control is critical for stroke 

prevention [24]. Treating hypertension should be the priority target for both population-based and individual preventive 

interventions for primary prevention [16]. Lowering blood pressure by lifestyle modifications and antihypertensive 

medications reduces cardiovascular effects, morbidity, and mortality [25]. 

Diabetes is another major risk factor for stroke. Great advances have been made in the treatment of diabetes with 

new classes of medications, but it remains considered one of the main predisposing factors [7]. Diabetes causes several 

microvascular and macrovascular changes, often culminating in important clinical complications, one of them is stroke. 

Hyperglycemia confers a greater risk of stroke. People with diabetes have a 1.5 to 2 times greater risk of stroke 

compared to people without diabetes. Several mechanisms associated with diabetes lead to stroke, including large artery 

atherosclerosis, small vessel brain disease, and cardiac embolism [26]. And this increased risk is associated with 

negative clinical outcomes including increased mortality [27]. Furthermore, people with diabetes may have worse post-

stroke outcomes and a higher risk of stroke recurrence than those without diabetes [26]. 

Selected as a risk factor for stroke in the proposed model, smoking occurs at all ages, both sexes and among 

different ethnic groups. Mechanisms linking smoking to vascular injury include endothelial damage, sympathetic 

activation, radical generation, and inflammation [28]. Smoking leads to the progression of atherosclerosis; increases 

hematocrit, platelet aggregation and raises blood pressure. They cause endothelial dysfunction and cause systemic 

inflammation. It covers products such as the new electronic cigarettes and hookah smoking [29]. Electronic cigarettes 

are tobacco derivatives and its use among adolescents is growing [30]. Smoking has a joint effect with other factors 

such as high blood pressure, diabetes, a sedentary lifestyle or the use of contraceptives, increasing the risk of 

cardiovascular problems [23]. All smokers should receive counseling and education about the importance of immediate 

smoking cessation. There are several methods and techniques available to help the smoking population quit or reduce 

tobacco consumption [31]. 

Depression was a stroke risk factor considered in our study. It plays an important role in increasing risk and may 

interact unfavorably with regard to cognition and prognosis compared with any other factor alone [32]. It is possible 

that the increased risk of stroke in depressed people is caused by underlying brain pathomechanisms specific to 

depressive disorder, such as brain inflammation, dysregulation of the hypothalamic-pituitary-adrenal axis, increased 

platelet reactivity, and autonomic dysfunction [33]. The underlying mechanisms linking depression to stroke are 

multifactorial. There is evidence that depression is linked to unhealthy lifestyles such as smoking and low physical 

activity which in themselves increase the risk of stroke. Furthermore, patients with depression may have reduced 

medication adherence for these conditions [34]. The side effects of certain antidepressants may also contribute to an 

increased risk of stroke [35]. Psychological health and major depressive disorder are increasingly recognized as 

impacting factors in cardiovascular disease. Depression management can serve as a cost-effective measure to mitigate 

the development of cardiovascular disease and the risk of stroke. More studies are needed to better understand these 

impacts and their mechanisms [36]. 

Some common factors that damage the brain over time are high blood pressure, smoking, and lack of sleep. Stress 

resulting from these factors accumulates and overloads the brain's compensatory repair mechanisms, resulting in 

dysfunction and disease [37]. Non-restorative sleep was a stroke risk factor selected in the proposed model. The risk of 

stroke should be considered in people with sleep problems and the mechanisms involving specific interferences [38]. 

The quality of sleep is influenced by several factors and is directly related to some diseases and emotional disorders 

[39]. Modern societies are experiencing a growing trend of reduced sleep duration, with nocturnal sleep below 
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recommended health limits [40]. Sleep deprivation has been linked to an increased chance of having a stroke [41]. 

Inappropriate sleep duration is correlated with an increased odds of an ischemic stroke and an increased risk of stroke 

[42]. 

Insomnia is described as persistent problems with sleep initiation, maintenance, consolidation or quality despite 

sufficient sleep time and opportunity, leading to some kind of daily impairment [43]. There may be a genetic 

predisposition to short sleep duration and frequent symptoms of insomnia. In recent years, many studies have explored 

the relationship between sleep duration and stroke [42]. Furthermore, while some individuals adjust to challenges and 

change more effectively, others develop adjustment problems or struggle to manage their emotions, and this pressure 

can become stressful, increasing the risk of suffering a stroke [33]. The proportion of adults reporting insufficient sleep 

(<7 hours) in 2020 in the US was 32.8% [30]. 

The literature suggests that poor sleep, including insufficient sleep duration and disruption, is associated with poor 

short-term and long-term health outcomes [38]. In most healthy, normotensive people, BP decreases during sleep by 10 

to 20% of mean awake values, a process known as a nocturnal BP drop. This phenomenon has emerged as a BP-related 

biomarker of healthy sleep physiology [44]. Unreduced nocturnal BP, defined as a difference between sleep and waking 

BP of <10%, has been associated with an increased risk for several cardiovascular diseases [45]. Sleep deprivation is 

found to affect the immune function, brain maturation, development of the body, metabolic process, and cognition, as 

well as maintaining normal homeostasis of the body [46]. Sleep is increasingly recognized as an integral component of 

cardiovascular health. The relationship between short and long sleep duration, as well as insomnia, with stroke risk is 

well-established. Recent work has highlighted how other sleep factors, such as sleep regularity (i.e., consistency of 

sleep timing), multidimensional sleep health, and circadian factors like chronotype and social jetlag, relate to stroke risk 

[47].  

The circadian system is widely involved in the various pathological outcomes affected by time dimension changes. 

In the brain, the master circadian clock, also known as the “pacemaker,” is present in the hypothalamus's 

suprachiasmatic nucleus (SCN). The SCN consists of molecular circadian clocks that operate in each neuron and other 

brain cells. Many studies suggest that the circadian clock regulates blood pressure [48]. Circadian rhythms are 

endogenous oscillations with approximately a 24 hour period that allow organisms to anticipate the change between day 

and night. Disruptions that desynchronise or misalign circadian rhythms are associated with an increased risk of 

cardiometabolic disease [49]. Circadian disruption has become more prevalent in society due to the increase in shift 

work, sleep disruption, blue light exposure, and travel via different time zones [50]. Sleep-focused interventions (e.g., 

cognitive behavioral therapy for insomnia and sleep extension) may be effective to reduce stroke risk and disease 

burden [47].     

There are numerous debates about the relationship between depression, anxiety, insomnia, perceived stress and 

stroke [33]. Differences in stroke epidemiology (including prevalence and order of importance of some of the 

modifiable risk factors) need to be considered in the search for gaps to establish a standardization of health care 

strategies and the achievement of internationally recommended goals [11]. We need to consider that there are disparities 

in disease patterns with variables in risk factors and socioeconomic disproportions in different territories that directly 

impact care and guarantee access to health services [10]. 

      Preventive strategies for health risk factors addressing social determinants of health such as poverty, education, 

health insurance, social inclusion and non-discrimination, daily living conditions and access to quality health services 

are essential for effective primary stroke prevention [51]. Conduct monitoring to identify individuals in need of 

prophylactic drug therapy in conjunction with the population in need of lifestyle-related guidance and behavioral 

interventions across all population life cycles, regardless of the individual's disease risk [52]. Fostering a better chance 

to reduce deaths, disability and disparities in health care [53]. 

Preventive programs to reduce the incidence of stroke should include measures to reduce smoking, strategies to 

promote physical activity and healthy eating [18]. There is ample evidence demonstrating that improving the prevention 

and control of stroke risk factors with behavioral interventions to help people quit smoking, maintain a healthy diet and 

be physically active can reduces the possibility of developing a stroke [54]. Incorporating healthy daily activities into 

the routine has the potential to support lifestyle changes and requires persistence to promote benefits [2]. 

Care and educational interventions for the entire population are essential for stroke prevention [16]. A 

Mediterranean diet rich in olive oil, whole grains, fruits, vegetables and legumes and low in cholesterol, saturated fat 

and animal fat can reduce stroke by up to 40% or more in high-risk patients [55]. It is recommended to keep salt intake 

at 2 to 3 grams per day, limit meat intake (especially red meat) and avoid egg yolks. Reduce consumption of sugary 

drinks and alcohol [56]. Contributing to the reduction of the risk of cardiovascular diseases, including hypertension and 

diabetes [57]. 

In the age of big data and the internet of things, much health information is automatically electronically recorded 

and incorporated into databases [58]. The use of these records allows examining a large number of variables and can 

contribute to the development of stroke care strategies [59]. Emerging artificial intelligence and machine learning 

technologies are increasingly being used to predict the chances of a future stroke [6]. Algorithms based on analysis of 

risk factors may enable the development of predictive models that effectively surpass traditional clinical methods [5]. 

 Primary stroke prevention can explore the applicability of different technologies [60]. Many neurological 

conditions share similar risk factors and preventive measures, which would mean increased attention and care [61]. 

Digital technologies, including smartphones and gadgets, which have become an integral part of our daily lives, have 

the potential to support clinical decision-making and improve risk factor prevention [62]. Precision medicine promises 
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to transform healthcare for groups and individuals through early disease detection, refining diagnoses and personalized 

treatments [63]. 

4. Conclusions 

Recognition of risk factors is important for stroke prevention. Among the variables analyzed in the study, the factors 

of age, blood pressure, diabetes, smoking, depression and non-replenishing sleep stood out. The classification model for 

the risk of stroke using the Decision Tree Algorithm selected the risk factors for non-replenishing sleep and depression 

who were not selected by the RLM method. 

Depression has been characterized as an emerging public health problem and may interact unfavorably with regard 

to cognition and prognosis. sleep with the use of interactive technological resources at night. Lifestyle changes and the 

development of a healthy activity routine can contribute to the reduction of modifiable risk factors and the chances of a 

stroke. 

Public prevention policies must consider all risk factors predisposing to stroke with due attention at the regional 

level and the population's adherence to the principles derived from them, expanding the discussion on the gaps in 

preventive models at the local level and possible future directions in related care to prevention. Greater understanding 

of the mechanisms that lead to sleep quality and the interaction of aspects related to major depression as stroke risk 

factors is needed. These risk factors have variables and require investigation to improve primary prevention. Emerging 

technologies such as big data, artificial intelligence, machine learning algorithms and the internet of things have the 

potential to collaborate in stroke care and help in the investigation of risk factors that require more evidence. 

5. Limitations of the study   

 The present research provides important information about some stroke risk factors. However, this study has some 

limitations. Data collection took place in only one health center and the enrolled population present in this location. 

Differences in health indicators for the results of stroke risk factors identify some social determinants (low income, 

living in an area ofsocial vulnerability, social isolation, access and lack of guarantees in health care) that may help 

explain related disparities to risk factors in different territories. Which meant a limitation in our work. New studies 

exploring social determinants of health with the aforementioned risk factors and possible influences are recommended 

for a broader analysis of the cited topics. 
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